One strain of Clostridium botulinum produces one of seven potent but serologically distinct neurotoxins (types A, B, C1, D, E, F, and G), which have been implicated in both human and animal botulism (25) . Each of the seven neurotoxins is synthesized as a single-chain molecule with a molecular mass of about 150 kDa, which is subsequently cleaved and becomes the dichain form. The dichain-form toxin is composed of a light chain (about 50 kDa) and a heavy chain (about 100 kDa) located on the N-terminal and the C-terminal sides, respectively, of a whole toxin (25) .
These seven types of neurotoxins, which all have common zinc-binding motifs in their light chains, belong to zinc-dependent proteases (9, 14) . These reduced toxins, or their light chains, degrade with high specificity the synaptic proteins that are involved in the fusion of synaptic vesicles with the plasma membranes, thus inhibiting release of several neurotransmitters (26) . Types A and E degrade with SNAP-25 (1); types B, D, F, and G degrade with VAMP/synaptobrevin (21) (22) (23) 31) ; and type C1 degrades with HPC-1/syntaxin (4) . Although the proteolytic activity is located on their light chains, the channelforming and the receptor-binding activities are located on the N-terminal and C-terminal halves, respectively, of their heavy chains (5, 13, 24) .
Recent studies have elucidated the entire sequences of seven botulinum neurotoxin genes (2, 3, 6, 8, 10, 12, 27, 29, 30) . The neurotoxin genes isolated from C. botulinum type C strains 468 and Stockholm are quite similar (99.9% identity) and have been reported to be the gene encoding botulinum neurotoxin type C1 (BN/C1) (10, 12) . On the other hand, the neurotoxin genes isolated from C. botulinum type D strains 1873 and CB-16 are quite similar (99.9% identity) and have been reported to be the gene encoding botulinum neurotoxin type D (BN/D) (2, 27) . However, some strains of C. botulinum types C and D have been known to produce neurotoxins that are not completely consistent with BN/C1 and BN/D on the basis of antigenicity (18, 28) . The neurotoxin purified from strain 6813 of C. botulinum type C (BN/C6813) has antigenic structures for the BN/C1 light chain and the BN/D heavy chain, suggesting that the neurotoxins from C. botulinum type C strains could be separated into at least two isoforms. However, the difference between the primary structures of both isoforms has not yet been clarified in detail, because the entire amino acid sequence of BN/C6813 has been not determined.
In this report, we determined the entire nucleotide sequence of the gene encoding BN/C6813 and compared its deduced amino acid sequence with that of BN/C1 or BN/D. In addition, we detected the gene encoding the neurotoxin-like BN/C6813 from two other strains.
MATERIALS AND METHODS
Organisms. C. botulinum type C strains 6812 (C6812), 6813 (C6813), and 6814 (C6814), and type D strains South African (Dsa) and 4947 (D4947) were grown at 30ЊC for 4 days in cooked meat medium (18) . The culture media of those organisms were centrifuged at 10,000 ϫ g. The resulting supernatants were kept at Ϫ20ЊC until use.
Treatment of culture supernatant with DNase I and proteinase K. Culture medium was centrifuged at 15,000 rpm for 5 min. The resulting supernatant was filtered through a 0.22-m-pore-diameter cellulose nitrate filter. Twenty micro-liters of the filtered supernatant was mixed with 1 l of chloroform, and then the mixture was centrifuged at 15,000 rpm for 5 min. Either 7 U of DNase I or 10 g of proteinase K was added to the centrifuged supernatant. The mixture was incubated at 37ЊC for 1 h. After treatment with chloroform, the mixture was centrifuged at 15,000 rpm for 5 min. The resulting supernatant was used as a template for PCR. When the supernatant was treated with DNase I and proteinase K, DNase I was added to the supernatant after treatment with proteinase K and chloroform.
PCR. The degenerate oligonucleotide primers for PCR were synthesized on an Applied Biosystems, Inc., model 380B synthesizer. The nucleotide sequences of primers (designated C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, YQA, LDV, LDV2, SVS, and RGN) were derived from BN/C1 and BN/D genes ( Table 1) . The PCR amplifications were carried out in a reaction mixture (50 l) containing 0.5 l of culture supernatant, 100 pmol (each) of the two primers, 2.5 U of Taq DNA polymerase (Boehringer Mannheim, Tokyo, Japan) in Tris-HCl (pH 8.0), 0.2 mM (each) the deoxynucleoside triphosphates, 50 mM KCl, 2.0 mM MgCl 2 , and 0.01% bovine serum albumin. Twenty-five PCR cycles (at 92ЊC for 1 min, 45ЊC for 1 min, and then 74ЊC for 2 min) were performed. The amplified fragments were purified with SUPREC-01 (Takara, Otsu, Japan) and subcloned into the ''T-vector'' constructed from pBluescript SKϩ (16) . The sequences of three clones from different DNA amplification reaction mixtures were determined to detect possible errors made by Taq polymerase. Nucleotide sequences were established by the dideoxy chain termination method with [␣- Nucleotide sequence accession number. The nucleotide sequence data reported in this article will appear in the GSDB, DDBJ, EMBL, and NCBI nucleotide sequence databases under accession number D49440.
RESULTS AND DISCUSSION
The BN/C1 gene has been shown to exist in toxigenic bacteriophage DNA from type C strains 468 (10) and Stockholm (12) , whereas a toxigenic bacteriophage has not been isolated from type C strain 6813 (C6813). PCR with the primer pair YQA/LDV could amplify the DNA fragment of the expected size of 0.5 kbp from culture supernatant of C6813 that was treated with either DNase I or proteinase K (Fig. 1) . However, PCR with the primer pair YQA/LDV could not amplify any DNA fragment from the culture supernatant of C6813 that was treated with both DNase I and proteinase K (Fig. 1) . These results suggest that the BN/C6813 gene is located on a certain bacteriophage.
The sequencing strategy used in this study is shown in Fig. 2 . The DNA fragments of the expected sizes of 0.7, 0.6, 0.6, 0.6, 1.3, and 0.5 kbp were amplified with the primer pairs C-1/C0, C1/C2, C3/C4, C5/C6, C5/C8, and YQA/LDV, respectively, which were designed from the 5Ј-terminal two-thirds of the BN/C1 gene and its upstream region. However, no DNA fragment could be amplified from C6813 by the primer pair LDV2/ RGN, which targets the region extending from C-2660 to G-3491 in the BN/C1 gene. On the other hand, the DNA fragment of the expected size of 0.8 kbp was amplified by the primer pair LDV2/SVS, which targets the region extending from G-2648 to C-3434 in the BN/D gene ( Fig. 3A and B) , suggesting that the 3Ј-terminal one-third of the BN/C6813 gene is similar to that of the BN/D gene rather than that of the VOL. 62, 1996 CLONING AND PCR DETECTION OF MOSAIC NEUROTOXIN GENEBN/C1 gene. The DNA fragment of the expected size of 0.5 kbp was amplified from C6813 by the primer pair C9/C10, which targets the region extending from C-3358 to C-3906 in the BN/D gene. Amplified fragments were ligated to the Tvector and then sequenced. The coding region in the connected sequence encodes a neurotoxin composed of 1,280 amino acids and with a molecular weight of 147,813 (Fig. 4) . The deduced amino acid sequence has 77 and 71% identity to BN/C1 and BN/D, respectively (Fig. 5) . The putative nicking site is located at the C terminus of Lys-449, as expected from the amino acid homology to BN/C1. The light chain (Met-1 to Lys-449) of the deduced neurotoxin has 97 and 48% identity to those of BN/C1 and BN/D, respectively, whereas the heavy chain (Thr-450 to Glu-1280) of the deduced protein has 66 and 85% identity to those of BN/C1 and BN/D, respectively. These comparative analyses are consistent with the finding reported by Terajima et al. (28) (20) . The DNA fragments of the expected size of 0.8 kbp that were amplified from C6812, C6814, and C6813 with the primer pair LDV2/SVS but not with LDV2/RGN could hybridize with the labeled product from C6813 (Fig. 3A, B , and C), suggesting their nucleotide sequences are quite similar. On the other hand, the DNA fragments of the expected size of 0.5 kbp that were amplified from C6812, C6813, C6814, Dsa, and D4947 by the primer pair YQA/LVD could hybridize with the labeled product from Dsa ( Fig. 3D and E) . In addition, the DNA fragments of the expected sizes were amplified from the strains of C. botulinum type C, but not from Dsa, by the primer pairs C1/C2, C3/C4, C5/C6, and C9/C10 (Table 2 ). These results suggest that some strains of C. botulinum type C contain the gene encoding the mosaic neurotoxin-like BN/C6813. The DNA fragment of the expected size of 0.8 kbp that was amplified from Dsa or D4947 by primer pair LDV2/RGN could not hybridize with the product from C6813 amplified by primer pair LDV2/SVS ( Fig. 3B and C) . The nucleotide sequence of the product from Dsa amplified by primer pair LDV2/RGN has 99 and 65% identity to corresponding regions of BN/C1 and BN/D, respectively (data not shown). However, the DNA fragment of the expected size of 0.5 kbp that was amplified from Dsa by primer pair YQA/LDV could hybridize with the product from C6813 or D4947 amplified by primer pair YQA/LDV. The nucleotide sequence of the product from Dsa amplified by primer pair YQA/LDV was conserved in BN/C1 (99% identity) and BN/D (98% identity). Our previous study (18) has suggested that the neurotoxin from Dsa (BN/ Dsa) has similar antigenic structures for the BN/D light chain and for the BN/C1 heavy chain. Oguma et al. (20) reported that the antibody to the BN/D light chain or the BN/C1 heavy chain neutralized the toxicity of the neurotoxin from D4947 (BN/D4947). Thus, BN/Dsa or BN/D4947 might be composed of an N-terminal region that is quite similar to that of BN/D, the core region that is conserved between BN/C1 and BN/D, and a C-terminal region that is quite similar to that of BN/C1.
All types of botulinum neurotoxin are zinc-dependent endopeptidases, the intracellular substrates of which play an important role in the fusion of synaptic vesicles to plasma membrane (1, 4, (21) (22) (23) 31) . Light chains of neurotoxins from strains 468, Stockholm, and 6813 of C. botulinum type C are composed of same sequence, suggesting their functions are quite similar. Thus, BN/C1 and BN/C6813 should act specifically on the same substrate, HPC-1/syntaxin.
The N-terminal halves of the heavy chains of BN/C6813, BN/C1, and BN/D may exhibit similar properties related to a specific function, because the N-terminal halves of their heavy chains correspond to the core regions that are conserved in BN/C6813, BN/C1, and BN/D. Botulinum neurotoxins have been known to form channels in lipid membranes and vesicles (5, 7, 17) . The N-terminal half of the heavy chain of botulinum neurotoxin type A could form channels in lipid membrane (5) . The hydrophobic amino acid sequences that exist within core regions of BN/C6813, BN/C1, and BN/D (Gly-655 to Glu-682 in BN/C1, or BN/C6813, Gly-651 to Glu-678 in BN/D) have 91% similarity (50 to 51% identity) to the ion channel-forming motif of botulinum neurotoxin type A, Gly-Ala-Val-Ile-LeuLeu-Glu-Phe-Ile-Pro-Glu-Ile-Ala-Ile-Pro-Val-Leu-Gly-ThrPhe-Ala-Leu-Val (17) . The N-terminal half of the heavy chain of BN/Dsa might also be quite similar to those of BN/C1, BN/D, and BN/C6813, because the nucleotide sequence of the PCR product from Dsa amplified by primer pair YQA/LDV has 99% identity to that of the product from C6813 amplified BN/C1 could bind to a receptor different from the receptor for BN/D on the target cells (32) . A monoclonal antibody recognizing the sequence within the C-terminal 50 amino acids of the BN/C1 heavy chain could inhibit the binding of the whole toxin to neuroblastoma cells, suggesting that the binding domain of the target cell is located on the C-terminal 50 amino acids of the heavy chain (13) . BN/C6813 might not bind to the receptor for BN/C1, because the C-terminal 50 amino acids of BN/C6813 were quite different from those of BN/C1 but were the same as those of BN/D. Thus, BN/C6813 might bind to the receptor for BN/D.
A C. botulinum type C organism has been known to produce either of two types of ADP-ribosyltransferase C3: the D1873 type or the Dsa type (19) . both isoforms have 66% amino acid homology. Although type C strains 468 and Stockholm could produce BN/C1 and D1873-type C3, type C strains 6812, 6813, and 6814 could produce BN/C6813 and Dsa-type C3. A C3 gene and a neurotoxin gene from a type C organism have been shown to be located on a toxigenic bacteriophage (19) . Hauser et al. (11) suggested that a 21.5-kbp DNA fragment carrying the C3 gene in C468, Cst, and D1873 phage might be a putative transposable element. However, the mechanisms of the construction of mosaic neurotoxin genes from type C and D organisms have not been clarified. Further analyses of several genetic events involved in the evolution and construction of the botulinum neurotoxin gene are necessary for exact diagnosis and effective treatment of botulism. 
a ϩ , a DNA fragment of the expected size in the reaction mixture after the PCR could be detected on an agarose gel stained with ethidium bromide; Ϫ, no DNA fragment of the expected size in the PCR mixture could be detected on an agarose gel stained with ethidium bromide, even if the PCR cycle was repeated after addition of Taq DNA polymerase to the mixture.
666
MORIISHI ET AL. APPL. ENVIRON. MICROBIOL.
